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CERTAIN PHYSICAL AND CHEMICAL 
CHANGES OF GRIMES APPLES DURING 
RIPENING AND STORAGE PERIOD 
By H. H . Plagge, T . J . Ma n ey a nd Fisk Gerhardt. 
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1. These studies of changes in Grimes Apples, incident to 
Tipening and storage, include rate of softening, increase in size, 
color changes of fruit and seeds, other common tests used by the 
groWer to determine time of picking, and chemical analyses of 
changes within the apple. 
2. Several objections were found to the use of the prC3sure 
test as an indicator of the proper time of picking, namely: (1) 
slow rate of softening of apples while on the tree, (2) differ-
ences in tests due to variations in size of individual apples, (3) 
variations due to differences in color intensities, and (4) varia-
tions due to changes in climatic conditions. 
3. Grimes were found to soften very rapidly at ordinary 
temperatures after removal from the tree. This rate of soften-
ing ean be measured by the pressure test at weekly intervals. 
4. Fruits varying considerably in hardness at time of plac-
ing in cold storage at 32° F. offered practically the same degree 
of resistance to the pressure test at the end cf "torage. 
5. Measurements which indicate increase in size of fruit only, 
cannot be applied practically in deter,mining the time of picking 
for the apple, the experiments showed. The rate of growth of 
the apple continues as long as the fruit is attached to the tree 
and may be accelerated considerably even late in the harvest 
season by excessive moisture. 
6. Color change of the fruit when combined with other indi-
cators, such as ease of separation from the tree, ripening of fruit 
detached from the tree, was important in determining the degree 
of ripeness of Grimes. Change in seed color alone was not a 
reliable index of the time of picking Grimes, since in 1923, at 
least, the seeds reached full color before the fruit was ready for 
commercial picking. ' 
7. The amount of scald and internal breakdown on Grimes 
at the end of the storage season was not necessarily indicated by 
the ripening data of the fruit such as secured at the orchard. 
It appears that internal breakdown may be influenced more by 
storage conditions than by pre-storage conditions. 
8. Associated with the ripening process of apples on the tree 
and in storage, there was a loss of moisture, acidity, dextrins, 
starch and acid hydrolyzable material. There was an increase in specific gravity, sugars and soluble pectin. 
9. Apparently the time of picking' or condition of maturity at 
time of storage within certain limits, affected but little the ulti-
mate chemical composition of the apples in cold storage. 
10. Chemical differences existed between normal tissues and 
those showing internal breakdown. These differences, however, 
were relatively small and suggest that physical or other chernical 
changes not determined are involved in the formation of diseased 
tissue during storage. 
CERTAIN PHYSICAL AND CHEMICAL 
CHANGES OF GRIMES APPLES DURING 
RIPENING AND STORAGE PERIOD 
By H . H. Plagge, T. J. Maney and Fisk Gerhardt*. 
The proper time to pick and to store apples for long keeping 
is a debatable subject among fruit growers. The tests ordinarily 
employed in picking fruit, such as change in the color of the 
fruit , particularly the ground color of the shaded side of the 
apple, change in the seed color, change in hardness and ease of 
separation from the tree are usually relied upon entirely. Altho 
investigators have emphasized the importance of maturity in 
the storing of fruit, little has been done to measure the pro-
gressive development of the changes accompanying· ripening. 
Plans were outlined and carried out in 1923 for a more compre-
hensive study of the ripening and storage problem with Grimes 
apples. This variety was selected because its usual harvest 
period in Iowa is not over 7 or 10 days duration. Severe losses 
frequently occur when the fruit begins to drop from the trees 
prematurely. It is very subject to two storage diseases, namely! 
internal breakdown and apple-scald. 
~n the present studies, the tests employed to measure the 
ripening of Grimes included common tests usually made by the 
orchardist, such as the change in color of the fruit, change in 
the color of seeds and the ease of separation from the tree. In 
addition, other changes in the fruit during ripening were in-
cluded';;";;'. These consisted of (1) change in increase in size of 
fruit, and (2), change in hardness of fruit. The latter was de-
termined by a pressure testing device similar to that employed 
by Murneek (20). 
'The a uthors wish to txpress their appreciation to 'V. G. Gaessler a nd 
B. S. Pickett for r('vi ewing- a nd s u ggesting ch anges in the m a nuscript and 
to H. L. Lan t z, F. l\1. Coe, 'V. D. R e ineke a nd Ervin Kreft who gave valu-
a ble assistance in obtaining som e of t h e data thruou t the progress of the 
investigat ion., The writers further acknowledge t h e cooperat ion of J. R 
Magnes~ of the Unit~d Sto.tes Department of Agriculture who s ubmitted "-
cooperativ.e project r e lative to the ripening of the apple on the t r ee. P",rt 
of the data on the I'ipening of t h e a pple on the tree obtained in carrying 
uut this project has bee n included in the present publication . 
•• A cooperative project along thi s line was taken up wi t h the United States 
Department of Agriculture. The project whic h was PI'oposed by J. R. Mag-
n ess (13) of the Office of Horticultura l and Pomolog ica l Investigations of the 
Durectu of PI 'mt Indu stry, U. S. Department of Agriculture. inc lude d chang-
('f.; .in fruit during ripening, such as increase in size, changes in color of 
frUIt and ~eeds and the rOlte of softenin g: ~s m easured b .v a pressure t es ting 
machine SImIla r to that employed b~' l\Iurneek (20 ) . The pressure t esting 
"p""Jaratus and color " h art u sed ill this work w ere furnished by the U. S. 
T)epar tment of Agriculture. 
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Supplementary to these tests, which were made at the orchard, 
studies of the fruit under cold storage conditions were included. 
For each lot of fruit stored, the ripening data, as outlined above, 
was obtained during the pre-storage period at the orchard. In 
addition a cooperative investigation was carried on with the 
Chemistry Section of the Iowa Agricultur.al Experiment Station. 
This work included a rather complete chemical analysis of each 
lot of Grimes apples stored, upon which the data relative to 
ripening had been secured. These chemical analyses were made 
at the time of storing and at the end of the storage period. 
HISTORICAL REVIEW 
Powell and Fulton (23) were pl'obably the first to carryon ex-
tensive experiments showing that apple-scald always appeared 
fil'st on the green or less mature side of the apple and that the 
more mature and more highly colored apples were less suscep-
tible to this injury. The experiments of many investigators 
working on the storage problem have quite well established that 
the degree of maturity of the fruit when stored greatly influences 
the keeping quality during the storage period. 
Only in recent years emphasis has been placed upon the meth-
ods of measuring the ripening of the apple on the tree and 
ripening after picking. The tests usually employed in determin-
ing the time to pick fruit have been based largely on indefinite 
descriptive terms, such as degree of ground color and red color, 
color of seeds, ease of separation from the tree, ripening of un-
sound fruit , and comparative amount of softening. 
Lewis, Murneek and Cate (11) reported on the use of a pres-
sure testing device for measuring rate of softening in pears. 
They also found that the size of fruit was not a factor in ripen-
ing and decay of pears. 
Murneek (20) employed the "pressure test" as a measure of 
maturity and found it to be an accurate and practical test for 
measuring the stage of ripeness of pears, particularly Bartlett. 
Morris (18) first developed a simple instrument for measur-
ing the softening of fruit. He devised several types of machines 
and pointed out the advantages of the best type for practical 
use. He says that the pressure test is sufficiently accurate as a 
basis for description of the condition of fruit in storage, but that 
green or uncolored fruits do not change appreciably in pressure 
test at approach of full growth. Such fruits drop quickly in 
hardness if harvest is delayed in warm weather. 
Magness and Taylor (15) give a very complete description of 
an improved type of pressure tester for the determination of 
fruit maturity. This type appears to be the most satisfactory 
instrument for testing the softening of apples thus far devised. 
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Whitehouse (25) found that a gradual increase in size is nor-
mal for the apple and that a large part of the coloring matter of 
.apples appears shortly before picking time. 
Burroughs (5) states that for 'Wagener, at least, the pressure 
test is not practical as a picking test for apples. He found that 
in a period of three weeks, which included the commercial pick-
ing season, this variety only softened three-fourths of a pound 
-on the tree. 
Magness and Burroughs (12 ) have shown that the softening 
of apples following picking is a gradual process. They observed 
that the rate at which softening developed was closely related to 
temperature and that apples exposed for a few days to the tem-
peratures prevailing at the time of picking softened more than 
.apples held for two months in storage at 30 to 32 degrees F. 
Marble (16) points out the importanc!) of storing certain va-
Tieties at 32° F. immedi<Ltely after picking to delay the usual 
softening which takes place when delayed at higher temperature::; . 
He recognizes three stages of softening in the ripening processes 
after picking. 
Magness and Diehl (14) have studied the ripening of apples 
on the tree by several methods, namely: (1) Increase in size, 
(2) increase in amount of red color and changes in ground color, 
(3) softening of the fruit , and (4) decrease in acidity of the 
fruit. They conclude, "That changes in the fruit following pick-
ing are primarily a continuation of pre-picking changes; that 
softening, acidity change, sugar change, etc., continue after pick-
ing as much as while the fruit is still on the tree and that the 
rate of these rhanges varies with the temperature at which the 
fruit is held." 
Hartman (9) finds for pears that the pressure tests are mate-
Tially influenced by several factors such as (1) temperature of 
the fruit, (2) turgidity, (3) removal of a portion of the crop 
from the tree, (4) amount of russeting, and (5) intensity of 
the" over" color. For apples he finds that the pressure test 
method is not sufficiently indicative to be a reliable guide to 
time of picking. He lists, cultural influences, color intensities, 
short harvest seasons, and the slow rate of softening as diffi-
-culties in the application of the pressure test as a measure for 
time of picking apples. He points out that most of the soften-
ing takes place in apples after time of picking. 
The literature dealing with the chemical changes taking place 
in apples on the tree has been thoroly reviewed by Bigelow, 
Gore and Howard (1), and by Magness and Diehl. The latter 
point out that the numerous analyses which have been made of 
the chemical composition of the apple on the tree, have estab-
lished certain general changes as taking place. They list these 
changes under the following subjects: (1) Changes in total acid-
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ity, (2) changes in sugar and starch content, (3) changes in pec-
tin content, and (4) changes in moisture content. 
Magness and Diehl find that the rate of softening of apples 
stored at 32° F., as compared with stored fruit at 70° F ., varies 
with varieties. All varieties showed a constant decrease in acid-
ity during the time the apples were held in storage at 32° F. 
I-Iaynes (10) determined the acidity of apples at various inter-
vals thruout the storage period for fruit hcld at 1 ° C. (33.8° F .) 
and at 15° C. (59° F.). She notes that storing at low tempera-
ture tends to: (1) Dccrease the rate of loss of acid, and (2) to 
increase the fluctuations of acid content due to differences of 
sample. Evidence is obtained which would indicate that high 
acidity and a slow rate of loss of acid are conditions favoring 
internal breakdown, and that this would probably be lessened 
if apples were not exposed to low temperatures until their acid 
content was reduced. 
EXPERIMENTAL WORK 
The experimental work on the ripenin '~ of the apple ,vas car-
ried on at the State Orchard at Council Bluffs, Iowa, in 1923. 
Four pickings of fruit were made; the first one on Sept. 14, 
when the apples were still in a somewhat immature condition. 
Three other pickings were made following at six day intervals. 
The dates of these were Sept. 20, 26 and Oct. 2. The condition 
of maturity for these pickings was determined by the usual 
methods such as color of skin and ease of separation from the 
tree. On each day that fruit was picked, box lots of fruits were 
shipped by express for immediate storage in the cold storage 
rooms of the Pomology Section at Ames, Iowa. One day was con-
sumed in transit, so that the immediate storage fruit was really 
delayed one day before cold storing. Other lots from the differ-
ent pickings were delayed at the orchard for one and two week 
intervals previous to storing. The shipping was so arranged 
tlwt the fruit went into storage in exactly 7 and 14 day periods. 
Records were made for each lot of fruit at the time of pick-
ing, time of storing, color and size of fruit, color of seeds, ease 
of separa tion from the tree and hardness as measured by a 
pressure t esting machine. The size of the fruit was determined 
by measuring the largest radial circumference of approximately 
100 apples every 10 days thruout the ripening season. 
SOFTENING AS MEASURED BY THE PRESSURE TEST METHOD 
The pressure testing device used was of the same type as that 
described in detail by Magness (13). Thruout the work, six tests 
were made on individual apples, three with the skin intact and 
three with the skin removed. F'ifteen representative specimens 
Fig. 1. The Pressure Tes ting Apparatus . 
of uniform size and color were selected for these tests. All pared 
and unpared tests were averaged separately. The figures thus 
obtained were accepted as the hardness in pounds pressure of 
the lots of apples as they were placed in storage. 
COMPARISON OF PARED AND UNP ARED TESTS 
That the pared tests give the better representation of the true 
condition of the rate of softening of the fruit , especially for tho 
delayed stored fruit, will be seen in comparing the pared and un-
pared tests for Grimes in fig. 2. This is likely due to such factors 
as variation in color intensity, exposure to sunlight and to wilt-
ing which results during delayed storage. The side of the apple 
which has been exposed to sunlight usually tests higher than the 
shaded side. Likewise, apples growing on the north side of the 
tree vary from those on the south side. Magness and Burroughs 
havo indicated that the pared tests are more reliable than the un-
pared tests. Since the pared tests are more satisfactory, all sub-
sequent data relative to softening are based upon pared tests. 
Morris says that fruit which is turgid will often test softer 
than after it is wilted. 
EFFECT OF SIZE ON HARDNESS OF FRUIT 
In making determinations of the hardness of apples by the 
pressure test method, it was noticed that variations in size of 
apples affected the pressure tests, the smaller fruit nearly always 
testing higher in poundage than the larger fruit. Samples se-
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Fig. 2. Diagram showing differences in hardness between pared and un-
pnred pressure tests. The pared tests give the better representation of the 
true condition of the fruit. All apples were picked September 20. 
lected for determining hardness of fruit were therefore taken as 
uniform as was considered practical in all of the data secured in 
ripening. In this connection, it is well to point out that the 
necessity of securing apples of approximately the same size. 
limits the practicability of the use of the pressure test method 
to the grower. 
Figure 3 shows how the size of fruit affects the pressure test 
with apples. It may be noted that a difference of approximately 
3 centimeters in circumference causes a variation in the test of 
approxi,mately 3 pounds. Because of this variation in hardness 
due to difference in size of fruit, the pressure test method as a 
means for determining the maturity of apples is limited. 
Morris says that large sized fruits are softer and become mel-
low earlier in storage than small and medium-sized fruits. 
MATURITY OF STORAGE LOTS OF GRIMES AS INDICATED BY 
PRESSURE TESTS 
The slight change in softening of fruit while still attached to 
the tree, and the rapid softening of the fruit which was delayed, 
are two outstanding features shown in fig. 4. The softening is 
proportional to the delay. The slow change in the softening of 
the fruit while on the tree indicates that the pressure test is not 
an adequate method for determining the time of picking of 
Grimes. The rate of softening for this variety is approximately 
3 pounds in 18 days. This is in agreement with the work of 
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Hartman. Burroughs found that the rate of softening of Wag-
-ener is likewise slow on the tree and that this method is not a 
picking indication for this variety. 
Marshall and Waldo (17) used the same type of pressure tester 
in Michigan .as used in obtaining the data for the present report. 
They say that the rate of softening is fairly steady up until the 
time of commercial picking, but that this softening takes place 
slowly during this period. They note that the test varies con-
siderably from season to season and question the value to the 
grower of a device of this kind. 
The evidence given in the present report and by other investi-
gations indicates that the pressure test method cannot be relied 
upon entirely to determine the time of picking of apples. 
The hardness of the experimental storage lots of each picking 
.at the time of placing in storage and the average size of the 
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Fig. 3. Diagram showing e ffec t of size of fruit on h a rdness as indica-
-ted by the pres s ure t est method. The tendency is for the la rger sizes to 
.est lower tha.n the sm a lle r s izes. All apples were picke d a nd t ested the 
_,am e day. September 20. 
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Fig. 4. Diagram representing h ardness of storage lots of apples at the 
time of placing in storage. Note that the rate of softening during the de-
layed storage period is very marked and that the rate of softening of the 
fruit on the tree is very s low. 
apples under experiment are shovvll in fig. 4. There is not much 
variation in the size -of the samples of apples selected for pres-
sure tests, so that the hardness of the lots as indicated can be 
considered comparable. 
As an index to the softening of the fruit after picking, the 
pressure test method has considerable merit. It is interesting to 
note in fig. 4 that after the two weeks of delay at the orchard, 
the fruit of the different pickings is all very nearly of the same 
hardness, altho the variation in the picking date is as much as 
18 days. The data bear out certain conclusions of Marble, who 
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found that after a cel'tain degree of softening took place, the 
fruit softened at a much slower rate. 
Further data showing the hardness and size of Grimes for 
both loose clover sad and bluegrass sod culture thruout the har-
vest season for 1923 are indicated in fig. 5. The data for loose 
clover sad culture have been given in fig . 4, but they are repeated 
here f or comparison with similar data on fruit from bluegrass 
sad culture. In either case, the r esults given do not show that 
the pressure test method is an adequate indication of the time 
of picking for Grimes. 
It is of interest to note that the resistances offered by the 
fruit taken from heavy bluegrass sod average higher than those 
by the fruit from loose clover sad culture. This is quite likely 
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Fig. 5. Diagram s howing hardness a nd size of apples at time of picking 
for fruit from trees on loose clover sod and from trees on heavy bluegrass 
sad treatments. Note t.hat the variation in h ardness between the different 
picking dates for the respective plots is slight and not very consistent. 
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Fig. 6. Diagram showing amount of softening during the stor age period 
for lots of fruit &tored immediately after picking and for fruit delayed ono 
week at the orchard Note the similarity of the tests at the end of the stor-
age period, regardless of picking dates a nd time of storage. 
due to differences in the color development of the fruit from the 
two treatments. For a number of years it has been observed 
that the trees of the heavy bluegrass sad plot have produced fruit 
with higher color and fruit which matures earlier (19) . It has 
been repeatedly noticed in the present studies that fruit with 
high color development or fruit taken from parts of the tree ex-
posed to much sunlight, offers more resistance than fruit with 
lower color development. Altho fruit from trees of the blue-
grass sad treatment appear to be more mature due to better 
color development, it does not necessarily follow that this fruit 
offers less resistance when the pressure test method is applied. 
DEGREE OF SOFTENING IN STORAGE 
The amount of softening which takes place with Grimes during 
the storage period for fruit stored immediately and for fruit 
delayed one week is shown for the four different picking dates in 
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fig. 6. The outstanding point shown here is that by Jan. 4, all of 
the Grimes are practically the same in degree of hardness. This 
is interesting when we consider that the lots were of varying 
hardness WhCll stored (fig. -!) , and that the dates of picking and 
storing covel' a considerable range of time. 
It is probably true that these apples have reached a full soft 
condition at the time of testing such as is referred to by Marble. 
He says, "The full soft condition may last for several months or 
until physiological breakdown or rots take the fruit." The 
above results show that fruits with varying hardnesses at the be-
ginning of the storage period, all practically reached the same 
hardness by the end of the storage period. 
RATE OF SOFTENING OF GRIMES THRUOUT THE ENTIRE 
RIPENING PERIOD 
The softening of Grimes beginning approximately 6 weeks 
before harvest time, taken at 10 day intervals, until the latte1' 
time, is shown in fig. 7. Data are given for both clover and blue-
grass sod treatments. The discrepancy appearing on Aug. 23 
in each case is probably due to the fact that the specimens se-
lected for testing on Aug. 13 were abnormally large. This would 
result in a test too low for average conditions on the latter date. 
No size records of the specimens on this date were taken, but 
were taken on Aug. 23 and on following dates so that these re-
sults are comparable. 
The differences between the two soil treatments are slight thru-
out the ripening season. It should be remembered that the 
samples of fruit selected were practically uniform in color. Fruit 
for these tests came from shaded parts of the tree and were all 
about the same shade of green. In fig. 5, \Vlhere it was noted 
that the tests on fruit from bluegrass sod averaged slightly 
higher, there were more color variations between specimens. The 
bluegrass sod fruit averaged smaller (fig. 8), but tested about 
the same as clover sod fruit, probably due to greater color de-
velopment. These results show that the rate of softening for 
Grimes is very gradual thruout the harvest period and that the 
effect of soil treatment has little influence on the same. 
RATE OF SIZE INCREASE OF GRIMES THRUOUT THE RI'PENING 
PERIOD 
The rate of increase in size thruout the ripening period is 
shown in fig. 8 in cubic centimeters taken at 10 day inter-
vals. These measurements were begun six weeks before the 
harvest period. The actual size in each case is only approximate, 
since the volume of the apples is figured as that of spheres from 
circumference measurements. However, the graphs represent 
comparable data. 
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It is of interest that the growth for both soil treatments is 
quite uniform thruout the ripening season. The increase in the 
rate of growth for the last interval in each case is attributed to 
excessive rainfall during that period. This is unusual in that 
the rate of growth had already slowed up as the fruit approached 
maturity. 
Bluegrass sod fruit has always averaged smaller than fruit 
from the loose clover sod plots at the State Orchard. Since fruit , 
average in size for the plots, was selected for measurement at the 
beginning of the experiment, the fact that bluegrass sod fruit 
remains smaller thruout the season, as shown in fig. 8, is signifi-
cant. Each plot culture evidently maintains a rather definite 
rate of growth in its fruit thruout the season. Whitehouse has 
noted that the size difference between individual fruits at the 
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Fig. 7. The avera ge h a rdness , as m easured by the Murneek pressure 
t est e r is s hown a t 10 day inte rvals for f ruit from both clover s ad a nd blue -
g rass s ad trees . There is practica ll y no diffe r ence in h a rdness be tween the 
fruit s of the two s oil treatme nts. 
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IJIIT£ 
I CRINES 
~OI1PA'P/SON or S'OIL TI?E/I T!1£IVT 
or TEST ON slz£or FRuiT 
SIZ£;W CC 
30 GO 80 120 ISO /80 
1 I I 
CLOVER 500 
!?{/C 13 
!?{/C 23 
S£PT2 
S£PTl2 
S£PT22 
OCT2 
BUJ£ CRASS 500 
/l{/CI3 
j((/C23 
S£PT2 
S£PTI2 
SEPT22 
OCT2 
.30 60 80 120 130 /80 
Fig. 8. The average volume in cubic centimeters based on radial 
. circumference measurements taken at 10 day intervals from approximately 
100 apples is shown for fruit from both clover sod and bluegrass sod trees. 
The fruit from the tn,es of the bluegrass sod plot averages smaller thruout 
the pel'iou of observation. 
time of thinning was a fail' index to their comparative size at 
maturity. The rates of growth of fruit from trees of bluegrass 
sod and clover sod are both very gradual and differences in size 
noted six weeks before the harvest date are noticeable thruout 
the ripening period. 
COLOR OF STORAGE LOTS OF GRIMES AT TIME OF STORING 
In addition to circumference measurements and pressure tests, 
the changes in the color of the fruit were considered thruout the 
ripening period. Four distinct colors which were considered in 
noting changes in the color of Grimes thruout the ripening period 
are shown in fig. 9. These colors are numbered consecutively 
and were furnished by the U. S. Department of Agriculture for 
use in 11 cooperative project with the Pomology Section in deter-
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mining the ripening of Grimes. The color designations here given 
are taken from Oberthiir (21) and include: (1) Verdant green, 
(2 ) yellowish apple green, (3) lettuce green and (4) lime green. 
In table I is indicated the color changes for the harvest period 
only, of Grimes, for both clover sad and bluegrass sad treat-
ments. The color numbers in table I correspond to the color 
numbers in fig. 9. Where two check marks occur in the space 
provided in the table, the color of the fruit does not match ex-
actly any of the four colors of the chart, but ranges just between 
two color chart numbers. It will be noted that all of the lots 
of fruit had changed t.o yellowish apple green, lettuce green or 
lime green before the harvest period had begun. However, when 
the observations were started in August, the fruit was verdant 
green in color. 
By comparison in table I it will be seen thai the fruit for the 
bluegrass sod treatments remains a green color longer than that 
of clover sod treatment. In all cases, picked fruit colored much 
faster than fruit remaining on the tree. As to the time of pick-
ing, it is doubtful whether a color chart such as was used is valu-
able as an absolute index. Just as was the case in measuring 
the hardness of fruit on the tree, the color changes appear to be 
too slow to make possible their application as a sale test for 
time of picking fruit. However, more investigation on 'this point, 
using a larger range of colors, or using different shades of colors 
for different varieties of apples, may be desirable. 
T a ble 1. COLOR OF STORAGE LOTS CF G RI1V!ES A T TIME OF STOR-
ING. 
D a t e of 
note t a king 
a nd s toring 
Sept. 15 
S e pt. 21 
Se pt. 28 
Se pt. 21 
Se p t. 27 
Oct. 4 
Sept. 27 
O ct. 4 
O c t. 10 
Oct. 3 
O c t . 10 
Oct. 16 
No. of 
days 
d elay 
1- -
7 
14 
1 
7 
14 
1 
7 
14 
1 
7 
14 
Clove r Sod 
1 
- -
Bluegr ass Sod 
Color number s 
2 4 
x 
x 
x 
xx 
xx 
x 
xx 
x 
x 
x 
x 
x 
S ept. 15 II 17 I Xx Se pt. 21 
Sc;.e::-'p"-"t '-. ~21C----I --17--I'---- --xx-- ----- 1- ---
Sept. 27 
Se pt. 27 1--1--1 xx 
,Oc t . 4 I 7 I 
xx 
O ct . 3 II 17 1- ---
O ct. 9 
xx 
x 
1. 
VERDANT 
GREEN 
2 . 
LETTUCE 
GREEN 
3 . 
YELLOWIS H 
APPLE-GREE N 
4 . 
LIME 
GREEN 
FIG. 9. This chart was furnished by the Office of Horticultu ral Invesligations oftbe U. S. Departmcnt of Agriculturc for use in obtaining ripening liataoll 
apples in a cooperative project with the POlllology Section of the Iowa Agricultural Experiment Station alld with Horticultural Departments of other state 
experiment stations. The color designations as given were taken from OberlbUr, in Uepertoire De Conlent's, Paris, 1905. 
\ 
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Table II. SEED COLOR OF GRIMES THRUOUT RIPENING PERIOD. 
Date of 
note 
taking 
Aug·. 13 
Aug. 23 
Sept. 2 
Sept. 12 
Sept. 22 
Oct. 2 
Aug. 13 
Aug. 23 
Sept. 2 
Sept. 12 
Sept. 22 
Oct. 2 
I 
I 
I 
I 
I 
I 
I 
I 
Clover Sod Treatment 
Entirely 
white 
x 
Trace of I 25 to 75% 
color colored 
Degree of seed color 
x 
x 
Bluegrass Sod Treatment 
x 
x 
Full) 
colored 
x 
x 
x 
x 
x 
x 
x 
CHANGE IN SEED COLOR OF GRIMES THRUOUT THE RIPENING 
PERIOD 
The color change of seeds was very rapid from Aug. 13 to 
Aug. 23, most of the change having taken place during this 
period. Table II indicates the changes taking place in the color 
of seeds of Grimes apples thruout the last weeks of ripening. 
Since Sept. 14 was considered the earliest possible picking date 
for Grimes for the season 1923, and since all seeds had reached 
their full color by Sept. 12, it is plain that seed color alone was 
not an adequate index to the time for harvesting this variety. 
The change in color of seeds from white to brown may assist the 
grower in determining the approach of maturity, but it cannot 
be relied upon entirely as an index to the proper period of pick-
ing. This is in agreement with the work of Morris, who says, 
"' There is not apparently the uniformity of color attainment in 
the seed that can in any way be used as a measure of maturity 
-of the fruit." 
COLD STORAGE EXPERIMENTS 
Thus far only data on the ripening of Grimes have been con-
sidered in this investigation. In addition to the foregoing ex-
periments, collateral cord storage studies have been under-
taken. For each lot of fruit stored, hardness, size and color 
-of fruit and seeds have been considered. The experiments in 
cold storage have been carried on in a manner similar to that 
.of previous years noted in an earlier publication (19). Tem-
perature and humidity records have been taken thruout the 
.storage period. The fruit was stored at a temperature of 32° 
F. and at 85 to 87 percent humidity. Two detail inspections of 
the lots were made, the first on Jan. 9, the second on Feb. 19. 
The storage diseases, apple-scald and internal breakdown, have 
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been the principal disorders under observation. After each 
general inspection, some of the fruit from the different lots was 
held at 70° F. for subsequent examinations. This was for the 
purpose of duplicating certain conditions to which fruit is com-
monly exposed on its removal from cold storage. Comparisons 
between the keeping of fruit under different conditions as af-
fected by the two soil treatments, bluegrass sod and loose clover 
sod, oiled and common wraps, and immediate and delayed stor-
age, are given. 
APPLE·SCALD STUDIES 
The amount of apple-scald developing upon different lots of 
fruit immediately after removal from storage and also after one 
week and two weeks removal was noted. These data are given 
in table III. 
The fruit which was very mature (picked Oct. 2) did not scald 
under any of the conditions noted. Apple-scald was almost 
unnoticeable immediately after removing from storage. It be-
came very severe after one or two weeks removal from storage, 
but under the oiled w'rap treatment, apple-scald was completely 
controlled in all cases. These results compare favorably with 
those of the work of Brooks, Cooley and Fisher (3). 
In table III , the data given is for wrapped apRles, that is for 
apples which did not have the wrap removed until the fruit was 
examined. Similar data for similar lots of apples with wrap-
pers removed are given in table IV. Note that the results are 
quite alike and that fruit held in storage in oiled wraps continue 
to be free from scald after the wraps are removed. 
Table IV also shows data for fruit which had been held in stor-
age in common wraps. No scald was present on these particular 
apples when they were removed from storage and unwrapped. 
They were then coated with a mineral oil such as is used in the 
manufacture of oiled wraps. The results show that the oil of 
oiled wraps must be present early in the storage life of the apple 
to be effective in controlling scald. 
The amount of apple-scald for all lots of fruit immediately 
after removal from storage at the time of second examination in 
February, as well as for most lots after four days removal from 
storage, is given in table V. In general, the amount of scald in-
creased with the length of the storage period. Oiled wraps again 
effectively controlled scald at this late date in cold storage and 
on fruit after it had been unwrapped and out of storage for four 
days. The fruit from either of the soil treatment lots was very 
( 
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Table III. PERCENTAGE OF APPLE-SCALD ON GRIMES. 
First Inspection 
Date H eav y 
of LQose Clover Sod Bluegrass 
picking Sod I Oiled Paper P lain Paper Plain Paper Wraps Wraps wraps 
Storage Storage Storag'e Storage 
Immed. 1 delayed I delayed Immed. \ delayed Immed. \ delayed 
storage 1 week 2 weeks storage 1 week storage 1 week 
CondItIOn Upon Removal From Cold Storage 
Jan. 9, 1924 
Sept. 14 0.0 
I 
0.0 
I 
2.9 
I 
0.0 
I 
0.0 I 0.0 I 0.0 
Sept. 20 0 .0 0.0 0.0 0.0 0.0 I 0.0 I 0.0 
Sept. 26 0.0 0.0 0.0 0.0 0.0 I 0.0 I 0.0 
O.::t. 2 0.0 0.0 0.0 0.0 0 . 0 I 0.0 I 0.0 
Condition After I Week Removal From Cold Storage 
J a n. 15, 1924. Apples Left Wrapped 
Sept. 14 
I 
60 .0 
I 
86.8 
I 
93.3 
I 
0.0 
I 
0.0 I 
Se pt. 20 53.3 33.3 13.3 0.0 0.0 I 
S·"pt. 26 20.0 13.3 0 .0 0.0 0.0 I 
Oct. 2 0.0 0 .0 0.0 0.0 I 0.0 . I 
Condition After 2 Weeks Removal From Cold Storage 
J a n. 23, 1924. Apples Left Wrapped 
S ept. 14 
I 
73.0 
I 
93.3 
I 
100.0 
I 
0.0 
I 
0.0 
Sept. 20 53.3 33.3 20.0 0.0 0.0 
Rept. 26 26.7 40.0 40.0 0.0 0.0 
Oct. 2 0.0 0 .0 0.0 0 .0 0 .0 
subject to apple-scald when not wrapped in oiled wraps. De-
layed storage increased the amount of scald in some cases and de-
creased it in others. A comparison of figs. 10 and 11 reveals how 
scald was effectively controlled by oiled wraps. 
Considerable differences in hardness were evident in the vari-
ous lots of apples at the time of storing, and these differences evi-
dently played a part in the development of apple-scald as it 
Developed during the storage period. The lots of fruit stored 
in the softer condition, due to delay at the orchard, were less 
subject to scald than those which were in the harder condition 
and stored immediately after picking. 
Table IV. PERCENTAGE OF APPLE-SCALD ON GRIMES. 
After One " T.eek R e mova l From Cold Storage. J a nua ry. 1924 
Date P a per Wraps 
of Storage Storage Storage 
picking 
I Plain 
Immediate \ d e layed 
\ 
d e layed 
\ Oiled Paper \Vraps 
Immediate delayed 
s torage 1 w eek 2 w eeks s torage 1 week 
Apple Wraps R emoved 
Sept. 14 90.0 60.0 30 .0 0.0 0.0 
Sept. 20 40.0 30.0 20 .0 0.0 0.0 
Sept. 26 0.0 0.0 0.0 0 .0 0.0 
Oct. 2 0.0 0.0 0 .0 0.0 0.0 
Apples L;nwrapped The n Smeared With Oil 
Sept. 14 80.0 80.0 30.0 
Sept. 20 70.0 40.0 10.0 
Sept. 26 0.0 10.0 30.0 
O c t. 2 0.0 0.0 20.0 
60 
Fig. 10. This sample of Grimes is a representative lot of im-
mediate storage where common wra ps w e r e u sed. All lots wrappe t.l 
in common wraps scalded badly. This illu strates the a mount of 
scald present in one picking of fruit a nd is typical for the first three 
pickings where common wraps w ere use d . Those delayed one or two 
week s before storing also showed scald, tho in a lesser degr ee. 
INTERNAL BREAKDOWN STUDIES 
Observations were made on the percentage of internal break-
down of Grimes in the different storage lots at the same time the 
results for apple-scald were taken, Table VI shows these results 
at the time of first and second inspections, Jan. 9 and Feb. 19, 
respectively. The amount of breakdown shown at the latter dat0 
includes the amount present at the time of first inspection. 
The percentages of breakdown for the various lots do not ap-
pear to be in any consistent relationship. Averages of the 10ts 
for clover sod, according to time of storing, show a decrease in 
breakdown with delayed storage. This relation, however, does 
not hold for the fruit from the trees of the bluegrass sod plot. 
In the latter case, more breakdown occurs with delayed storage. 
These data give typical results for experiments with respect 
to breakdown. Altho the different lots of fruit varied consider-
ably in maturity as measured by the rate of softening and color 
change after picking or during the delayed storage period, the 
final outcome with respect to internal breakdown shows little 
correlation to these variations noted. It is likely, then, that the 
amount of breakdown occurring in different lots should be ac-
counted for on some other basis than that of the initial maturity 
at time of storing, 
SOll1E CHElI1ICAL CHANGES INCIDENT TO RIPENI NG 
AND STORAGE IN THE GRIlI1ES APPLE 
COLLECTION OF SAMPLES 
Samples which were used in the following chemical investiga-
tions were part of the regular lots which were placed in cold 
storage. The plan adopted provided for the harvesting of three 
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J:1 'ig', 11. This samp le of Grimes w as stor ed immedIatelY alter PH': J<.-
ing a nd wra pped in oiled wraps . These apples w ere free from scald. 
Oiled wraps in a ll cases controlled scald-even when storage was de-
layecl one or two w eek s. 
boxes in each of four pickings, storing immediately one box of 
each series at the time of picking and holding the other two 
boxes at the packing house for one and two weeks, respectively, 
before storing. At the time of each picking, a sample consisting 
of 15 apples was selected from each storage lot for the chemical 
analysis. The treatment of these samples at the orchard was 
the same as that of the corresponding storage lots. vVhen a cer-
tain storage lot was sent by express to Ames for cold storing, 
a corresponding sample was sent to the Chemistry Section Lab-
oratory for analysis. Each allotment of fruit reached Ames 
the morning following the day it was sent; the chemical samples 
representing the storage lots of fruit were mailed to Ames by 
special delivery, arriving at the laboratory within 24 hours. 
PREPARATION OF MATERIAL FOR ANALYSIS 
The apples arriving at the laboratory were immediately cut 
into thin slices. Aliquot samples were taken for moisture de-
terminations, and for expression of the juice by the aid of a 
hydraulic press. The remainder of the material was dried in a 
vacuum oven at 70° C. and 50 mm. pressure. This drying method 
permitted a minimum of metabolic changes in the tissue without 
causing caramelization of the carbohydrates. The dried material 
was ground in an "Enterprise" and " Merker" mill, respectively, 
until the ground product could be passed thru a 100 mesh sieve. 
METHODSOFANALYffiS 
A weighed sample of the ground tissue was freed from lipoids 
and soluble organic acids by percolation with anhydrous alco-
hol free, ether. After expulsion of the ether the residue of the 
sample was extracted with boiling 90 percent alcohol (to which 
a small amount of CaC0 3 was added) for one-half hour on a hot 
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Table V. PERCE)I'T_-IcGE OF APPLE-SCALD ON GRIMES. 
Date 
of 
picking 
Sec0nd Inspection 
Loose Clover Sod 
Heavy 
Bluegrass 
Sod 
I 
Oiled Paper Plain Paper 
PI am Paper vVraps Wraps Wraps 
Storage I Stom.ge I Storage I Storage 
Immed. I delayed Delayed Immed. delayed Immed. delayed 
storage 1 week 2 weeks stOI age 1 wee k storage 1 w eek 
Condition Upon Removal From Cold Storage 
_____ ~-~~-~~~-~~Feb. 19, 19,~24~-;c--,;--;-~~;-;-----,-o_ 
4.7 15.9 1 16.0 1--0 .0 1 0.0 I 50.3 I 1.3 Sept. 14 
Sept. 20 
Sept. 26 
Oct. 2 
Sept. 14 
Sept. 20 
Sept. 26 
Oct. 2 
0.0 0.5 I 2 .1 I 0.0 I 0.0 I 0.0 I 0.0 
0.0 0.0 0.0 0 .0 0 . 0 I 0.0 I 1.7 
1).0 0.0 I 0.0 0.0 0 .0 I 0.0 I 0.0 
Condition After 4 D a ys R emoval From Cold Storage 
F e b. 23, 1~24. Wraps Removed 
41.1 I 9S.8 I 8S. 7 1 43 8 3.6 0 5 1 100.0 40.6 I 25.1 0.0 0.0 I 90.0 I I 20.0 
I I 0.0 
100.0 
0.0 
20.0 
30.0 
plate. The filtered extract was concentrated to about 15 c.c. at 
50° C. and 20 m;m. pressure. It was then diluted with w-ater, 
clarified with neutral lead acetate, freed from excess lead by 
sodium carbonate and finally made up to definite volume. 
REDUCING SUGARS 
Reducing sugars were determined by the Munson-Walker 
Method (19 )_ 
TOTAL SUGARS 
Aliquot portions from the original sugar extracts were hydro-
lyzed with 2.5 percent HC1 in the usual manner. Total sugars 
were determined by the Defren-O'Sullivan Method (8). 
DEXTRINS 
The residue from the sugar extraction was further extracted 
Tahle VI. PERCENTAGE OF INTERNAL BREAKDOvVN ON GRIMES. 
Loose Clover Sod H eavy Bluegrass 
Date Sod 
of I Oiled Paper Plain Paper 
picking Plain Pape r Wraps vVra ps Wraps I Storage I Storage Storage I Storage Immed. de layed delayed Immed. I d e layed Immed. delayed 
storage 1 week 2 w eeks storage 1 week storage 1 week 
Jan. 9, 1924 
Sept. 14 0.4 18.5 10. 9 0.0 I 1.0 0.0 2.0 Sept. 20 7.5 10.1 0. 5 4.0 I 12.5 1.2 50 .9 Sept. 26 44 .7 0.0 0.7 64.6 
I 
54.4 20.7 8.8 
Oct. 2 4.5 36.7 10 .0 20.7 0.0 1.6 58 . 3 
--
Ave rage 14.2 16.3 5.5 22.3 16.9 5.8 30.0 
F eb 19 1924 
S e pt. 14 I 1.7 27.4 I 22.5 0.0 
I 
1.5 I 0.0 I 4.0 Se pt. 20 25.0 12 .2 0.5 22 .7 16.5 I 16.6 I 65.0 Se pt. 16 I 73.3 11.6 
I 
1.5 74. 3 68.0 I 58.6 I 28.6 Oct. 2 16.0 41.2 25.3 48 .0 8.7 I 2.7 I 67.5 
I -- -- -- -- I -- I -- I --A.v erag-e 20.0 23 .1 12.4 36.2 I 23.6 I 19.4 I 41.2 
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with 10 percent alcohol at a temperature of 50° C. for one-half 
hour. The filtered extract was concentrated for removal of al-
cohol and clarified by the above method. After hydrolysis with 
2.5 percent HCl for 2.5 hours, the neutralized solutior:. was 
made up to volume. Using the Defren-O'Sullivan method, the 
glucose value obtained was computed to the equivalent valuf) for 
dextrin. 
STARCH 
The residue from the dextrin extraction was boiled with 150 
c.c. of water for one minute. After cooling to 38° C. and digest-
ing with fresh saliva until a negative result was obtained with 
iodine, the filtered solution was hydrolyzed with 2.5 percent HCl 
for 2.5 hours. Glucose was determined by the Defren-O 'Sullivan 
method, multiplied by the starch equivalent and expressed as 
percentage of starch. 
HEMICELLULOSE OR ACID HYDROLYZABLE 
The residue from the starch digestion was boiled with 150 c.c. 
of 2.5 percent H 2S04 (by weight) for one hour. The filtered 
solution was neutralized and clarified in the usual manner. The 
acid-hydrolyzable portion was expressed in terms of glucose, 
using the Defren-O'Sullivan method. 
SOLUBLE PECTIN 
Five grams of the dry ground apple tissue were successively 
extracted with cold water at room temperature. It was found 
that five extractions removed all but traces of soluble pectin. 
The combined extracts were neutralized and brought to volume. 
Aliquots were taken for soluble pectin determination by precipi-
tation as calcium pectate according to the method of Carre and 
Haynes (7). 
INSOLUBLE PECTIN 
The residue from the soluble pectin extraction was autoclaved 
with N/20 HCI for one hour according to the method of Carre 
(6) for insoluble pectin determination. 
EXPERIMENTAL 
ANALYSES OF APPLES BEFORE STORING 
It was thought advisable to include a brief study of the 
changes occurring in the fruit prior to commercial picking. Ac-
cordingly, samples of unripe apples were gathered and analyzed 
at stated intervals. These data, together with the analysis of 
the various commercial pickings, both for immediate and for de-
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layed storage, will be found in table VII. These analyses were 
made to represent the composition of the apples before place-
ment in cold storage. 
Examination of these data will show that the ripening pro-
cess in the apple is accompanied by decided changes in chemical 
composition. Col'lections prior to commercial picking show: A 
higher moisture content, low specific gravity, low percentage of 
sugars, high dextrin and acid-hydrolyzable values, together with 
larger amounts of insoluble and total pectin, while the stal'ch 
values during this period have not attained their maximum. 
During the process of ripening upon the tree, as shown by the 
various commercial pickings, the fruit remains quite constant in 
moisture content. Specific gravity and total sugars increase. 
Acidity decreases slightly with an accompanying decrease in 
starch and acid-hydrolyzable material. The various forms of 
pectin remain quite constant during the commercial picking 
stage, substantiating the statement of Carre that" the maximum 
pectin content continues over a period of about four weeks, dur-
ing which the apples remain in their prime condition and that 
pectin reaches a maximum during the process of ripening and 
then gradually falls as the apple becomes over-ripe. The date 
of picking of the fruit has no effect on the development of pectin 
either in cold or ordinary storage." 
Apples dclayed one week before storage, continue their ripen-
ing processes as shown by a decrease in moisture, acidity, dex-
trins, starch and acid-hydrolyzable material; there is a corre-
sponding increase in specific gravity, sugars and soluble pectin. 
Of interest is the decided increase in disaccharides produced by 
delayed storage of one week. Apples delayed two weeks prior 
;to storage show a continuance of the ripening processes. During 
~this period the average percent of total sugars declines markedly, 
:suggesting the probability of rapid respiration. Soluble pectin 
.shows a decided increase at the end of two weeks delayed stor-
~age, indicating a stage of complete maturation. 
Since the values for simple reducing sugars remain quite con-
"Stant thruout the entire series, the increase in disaccharrides 
might be accounted for by direct elaboration thru hydrolysis of 
starch and acid-hydrolyzable matter. Browne (4) in his study 
of the chemistry of the apple states: "With increase of sugar 
we notice a marked decrease in the percentage of starch-a co-
incidence which leads to the supposition that starch may serve 
:as a parent substance in the formation of sugar in apples, and 
that sucrose is the first product produced." The values for 
pectin tend to indicate a general trend, rather than a definite 
(lorrelation, due to fluctuation in values probably accounted for 
by the variable state of maturity of the individual apples 
sampled. 
Date of 
picking 
A u g. 14 
A u g. 29 
Sept. 3 
Sept. 1<1 
Sept. 21 
Sept. 25 
Oct. 1 
' ept. 14 
ept. 21 
ept. 25 
l. ct. 1 
Se p t. 14 
Sept. 21 
Se pt. 25 
Oct. 1 
Table VII. COMPOSITION OF GRIMES APPLES DURING VARIOUS STAGES OF MATURITY. 
Date of 
analysis 
I Aug. 15 Aug. 30 
Sept. 4 
Average 
I Sept. 15 Sept. 22 
Sept. 26 
Oct. 2 
Average 
Sept. 22 
Sept. 28 
Oct. 3 
Oct. 9 
Average 
Oct. 1 
Oct. 6 
Oct. 11 
Oct. 16 
Average 
Acidity 
Mois- c.c.N /10 Reduc-
ture Specific NaOH ing Tota l Dex- Starch Acid Solub le Insol. Tota l 
percent gravity per sugars sugars trins percent h ydro!. pectin pectin pectin 
10 c .c. percent percent percent percent percent percent percent juice 
Collected Prior to Commercial Pickmg 
87 .00 1. 0300 
86.76 1. 0355 
85.00 1 .0385 
86.21 1.0343 
9.40 23.03 1 23.20 
I 
2.17 
I 
13.24 
I 
11.48 0.62 3.43 4.06 
8 .25 25.24 I 30.95 2.05 10.50 7.28 0.72 3.00 3.70 9.60 25.08 35.3f) 2.05 15.98 8.25 0.63 3.14 3.77 
I -- --8.98 24.44 29.83 2.09 14.26 9.00 0 . 643 3.19 3.84 
00). ,jO .l.V'i.lU 
85.12 1.0440 
85.90 1.0465 
~~-;;--,--:--;c-;=--7Cc..:o~mmerda l Pickings-Immediate Storage 
1 10 .00 1 I 9.10 1 9.60 1 
27.44 33.08 0.93 19.86 4.92 0.66 2 .72 3.38 
24.00 63.04 1.35 17.28 3.16 0.65 2.92 3.57 
24.72 65.29 3.79 13.86 3 . 16 0.63 2.60 3.23 
87. 53 1. 0465 1 8 .40 1 26.88 45.92 0.00 18 .07 3.87 0.46 2.64 3.10 
85.98 1. 0445 
1 1 
1 9.27 1 25.76 51.83 1.51 17.26 3 .77 0.60 2 .72 3.32 
Storage Delayed 1 Week 
28.21-1- 78-:-24-- 3.63--15-:-98---3-.33 
26.16 1 86.72 1.10 10.33 2.99 
27.50 1 48.64 0.00 8.28 1. 50 
25.76 1 55.04 0.00 10.15 1. 'i6 
84.43 1.0420 I 8.90 87.00 1.0495 9.20 
85 . 71 1.0515 1 7.50 
85.04 1.0505 1 8.40 
0.63 1 2.98 3.6-3-
0.76 I 3 . 04 3.80 
0.84 1 2.32 3.16 
0.66 I 2.78 3 .44 
1 
26.90 1 67 .1G 1.18 11 . 18 2.39 
Storage -Delayed 2' W'eeks 
-- - - 1 --
85.54 1. 0483 I~ 
1 
0.72 ~8 3 .50 
85 . 00--1-. 0-535--8-:-00-1 - 29-:-68 - ,- - n 00- ' - ---,--;;-c;-;;---,----:;--;;-; __ ;---:;-:;-;---,---;,,;c-,-1.14 2.40 3.54 
86.32 1.0545 8.40 1 28.64 1. 24 2.30 3.54 
84 .65 1. 0588 8.00 1 30.00 1. 20 2.48 3.68 
83.81 1.0582 7.80 1 29.36 1. 00 2.64 3.64 
1 
84.94 1.0562 8.05 1 29.42 1.14 2.45 3.60 
0> 
0 1 
Table VIII. COMPOSITION OF COLD STORAGE APPLES. JANUARY 1924. 
Apples 
Acidity Reduc- free Apple -
Date Specific c.c. N /10 ing Total Dex- Starch Acid Soluble Inso1. Total from scald 
of picking gravity NaOH sugars sugars trin percent hydro1. pectin pectin pectin break- per-
per 10 c .c. percent percent percent percent percent percent percent down cent-juice pct. age 
Immediate Storage 
Sept. 14 1.0505 4.8 37.52 51 . 52 0.63 I 0.63 I 3.20 1. 28 3.28 4.56 99.6 60.0 
Sept. 21 1.0600 5.6 38.56 58.08 4.04 I 0.00 I 3.84 0 .80 2.40 3.30 92.5 53.3 
Sept. 25 1.0635 7.8 37.52 53.60 0.63 I 0.63 I 1.41 1.28 2.88 4.16 55.3 20.0 
Oct. 1 1. 0540 5 .7 36 . 40 58 .88 0.23 I 0.00 I 2.46 0.40 2.64 3.04 95.5 0.0 
I I Ave rage 1.0570 5.95 37.50 55.42 0.47 I 0.31 2.47 0.94 2.80 3.76 85.7 33 . 3 
Storage Delayed 1 Week 
Sept. H 1. 0475 4.8 35 .04 51.30 I 0.63 I 0 . 63 I 3 . 31 0.96 3.12 4.08 81.5 86 .8 Sept. 21 1.0635 5.8 41.84 58.12 I 0.36 0.00 I 1. 40 0.64 2.48 3.12 89 .9 33.3 
Sept. 25 1. 0540 6.0 39 . 28 60.32 I 0.50 I 0.00 I 2 . 31 0.68 3.20 3.88 100.0 1:3.3 Oct. 1 1.0475 5.2 37.12 60.50 I 0.28 I 0.00 2. ·16 0 .50 2.70 3.20 63.3 0.0 
I I -- I 
Average 1.0530 5.45 38.32 57.56 I 0.44 I 0.15 I 2.12 0.69 2.87 3.57 83.42 33 .4 
Storage Delayed 2 Weeks 
Sept. 14 1.0580 4.5 36.80 54 .40 I 0.27 I 0.6, I 1. 95 1. 28 2.64 3.92 89 .1 93.3 0'> Sept. 21 1. 0510 4.5 42.56 68.00 I 0.40 I 0.00 
I 
1.97 1.00 2 . 64 3 . 64 99.5 33.3 0'> Sept. 25 1.0560 6 . 5 38.58 60.30 I 0.04 I 0.00 2.14 0.52 2.96 3.48 99 . 3 40.0 
Oct. 1 1.0565 5.8 37.52 65.92 I 0.34 I 0.00 2.32 0.44 2.56 3.00 90.0 0.0 
I I I Average 1.0553 5 .32 38 .86 62.15 I 0.38 I 0.15 2.09 0.81 2.70 3.51 94.47 41.65 
TABLE IX. COMPOSITION OF NORMAL AND BREAKDOWN COLD STORAGE APPLE; TISSUE IN PERCENT. 
Acidity 
Lot C.c. N /10 Reduc-
no. Specific NaOH ing Total I Dextrin Starch Acid Soluble Inso1. Total gravity per 10 c.c. s u gars sugars hydro1. pectin pectin pectin juice 
I Normal I tissue 1.0635 7.8 37.52 53.60 0.63 I 0.63 I 1.41 1. 28 2.88 4.16 
1. I Break-down 
t issue 1.0580 5.2 40 .00 56.80 1. 70 0 .00 2 . 40 0.40 3.20 3.60 
I Normal 
41.84 58.12 0.36 0.00 1.40 0.64 2.48 3.12 I tissue 1.0635 5.8 
2. 
I Break-
\ down 
tissue I 1. 0530 I 4.4 47.60 I 56.95 I 1. 75 I 0.00 I 2.10 I 0.40 I 3.20 I 3.60 
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ANALYSES OF APPLES AT END OF STORAGE PERIOD 
After remaining in cold storage for a period of four months, 
representative samples, corresponding to those in table VII, 
were again analyzed. Notations were made upon each lot as to 
keeping qualities. The percentage of sound apples, free from 
scald and breakdown, was determined in each box. Only sound 
apples were used for the chemical determinations. The results 
found in table VIII give a picture of the changes in carbohy-
drate content occurring during cold storage. 
Inspection of these data show the uniformity of all cold stor-
age material irrespective of previous diffel'ences in stage of ma-
turity. In other words, the time of picking, within certain lim-
its, influences but little the ultimate chemical composition of 
apples passing thru cold storage. The ripening processes pre-
viously noted continue much more slowly under cold storage con-
ditions. Acidity, dextrins, starches and acid-hydrolyzable mate-
rial gradually decrease, with a corresponding slight increase in 
simple and disaccharide sugars. The pectin values show little 
or no response to pre-storage treatment. There appears to be no 
definite correlations between chemical composition as determined 
and keeping qualities in the samples of Grimes apples used in 
this work. 
According to Sando (24), certain unfavorable changes occur-
ring during apple storage are associated with the presence of a 
chromogenic substance, quercetin or its glucoside. \Vhile Brooks, 
Cooley and Fisher (2) state that, "their experiments indicate 
apple-scald is due to an accumulation of esters Ol' similar prod-
ucts in the tissues of the fruit. ' , 
The chemical data in table VIII do not account for the un-
favorable changes occurring during the cold storage period. 
Since both appl~scald and breakdown were found in the cold 
storage material, a chemical analysis was made upon normal and 
diseased tissue in several lots. In each sampJe the soft, dark 
brown tissue was removed from the sound portion of the apple. 
These tissues were dried sepal'ately in the vacuum oven at 70° C. 
and 50 mm. pressure. The results of these analyses appear in 
table IX. 
The unsound tissue shows a lower specific gravity, acidity and 
soluble pectin content, together with a higher amount of acid-
hydrolyzable material. However, on the basis of these few an-
alyses the differences in chemical composition apparently do not 
account for the extreme variation in texture and appearance of 
the tissues. 
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COMPARISON OF SOME CHANGES OCCURRING IN 
GRIMES ON THE TREE THRUOUT THE RIPENING 
PERIOD 
Figure 12 depicts data showing some changes taking place in 
the Grimes apple thruout the ripening period. Included are: 
(1) The rate of softening, (2) rate of increase in size, (3) change 
in total sugars, (4) change in starch content, and (5) change in 
acidity. The amount of rainfall and the mean temperature for 
the different 10 day intervals are also given. 
There is a normal increase in the size of the apples as ripening 
advances. The rapid rise in this rate during the last interval 
of ripening can probably be attributed to the excessive rainfall 
and warmer weather for this period. For the same period, the 
percentage of starch content rapidly increases while total sugars 
and acidity decrease. The rate of softening continues to fall off, 
which would be expected with increase in size and greater ma-
turity. 
These data are of interest in that they show the normal trend 
of some important changes taking place in the apple on the tree. 
They also show that cli,matic conditions may greatly influence 
these changes even late in the ripening processes. The amount 
of rainfall for the last 10 day interval under observation was 
7.7 inches, most of which fell within a 36 hour period. The re-
sponses noted above, probably due to this excessive moisture, 
suggest a study of the effect of irrigation on these changes of 
the apple during the ripening period. 
DISCUSSION 
Altho several methods of measuring the ripening of the apple 
on the tree have been studied by other investigators as well as 
by the authors of the present report, it may be stated that so 
far no one specific test will indicate the exact stage of ripeness 
of the apple at picking time. It would seem that it is still neces-
sary to rely upon several of the customary methods of determin-
ing time of picking for a variety like Grimes. 
It has been shown that the use of the pressure testing appar-
atus is not practical in determining the time of picking for the 
apple. The rate of softening of Grimes on the trees is slow even 
thru the latter part of the harvest season. The optimum picking 
time calIDot be detected by noting differences in resistance of-
fered by fruit as measured by the pressure tester. 
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Fig. 12. Diagram comparing some chang·es occurring in Grimes on the 
tree thruout the ripening pe riod. Included are (1) the rate of softening, 
(2) rate of increase in s ize, (3) change in total s ugars, (4) ch ange in starch 
content , (5) change in acidity. The amount of rainfall and the mean 
t c'mperature for the different 10 day intervals a r e a lso g iven. 
The softening of Grimes after removal from the tree is very 
r apid and can he easily measured by the pressure test method at 
weekly intervals. 'l'he chief objections to the pressure test 
method as a test of maturity in the apple are: (1) Slow rate 
of softening of the apple while attached to the tree, (2 ) differ-
ences in tests due to variation in color intensities, (3) varia-
tions due to differences in size of individual apples, and (4) 
variations due to changes in fruit because of climatic conditions. 
While the data given in the present report are those for Grimes 
only, other experiments carried on the same season with Jona- . 
than , Winesap and Black Twig indicate that the pressure test 
method is insufficient as a ripening test for apples. 
It has been shown that the amount of softening taking place in 
Grimes during the storage season is considerable and that fruits 
showing differences in hardness at time of placing in storage, ap-
proach practically the same degree of softness at the end of the 
storage season. After a certain degree of softening has oc-
curred, the rate of softening becomes much slower as has been 
pointed out by Marble. 
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It is doubtful whether measurements giving increase in size of 
fruit will lend much toward determining time of picking, at 
least for Grimes. It has been shown that as long as Grimes 
hangs to the tree, there is some growth taking place, altho the 
rate may be very slow during the later part of the ripening 
period. The rate of growth, even very late in the ripening sea-
son, may be accelerated considerably by such a factor as exces-
sive rainfall at that period. 
Color changes of the fruit and of the seeds are valuable assets 
in determining ripening in the apple, but it is desirable to com-
bine such indicators as these with others such as ease of separa-
tion from the tree, ripening of unsound fruit and of fruit separ-
ated from the tree. ·With Grimes, seed color change alone is not 
a reliable index, since the seeds of Grimes may reach full color 
before commercial picking time. 
Altho there is some relation between the ultimate amount of 
scald and ripening data, such as rate of softening and change in 
fruit color, the same relation is not apparent in the case of in-
ternal breakdown. The results on internal breakdown and apple-
scald are variable for the different storage lots. Oiled Wl'aps 
have successfully controlled apple-scald. It appears that inter-
nal breakdown as reported in these studies may not necessarily 
be so much influenced by pre-storage conditions as possibly the 
actual conditions during the storage period. In this connection 
it is of interest to note the work of Haynes with the acid content 
of Bramley's seedling, who states that: "Observations indicate 
that high acidity and a slow rate of loss of acid are conditions 
favoring internal breakdown, and that this would proln bly be 
lessened if apples were not exposed to low temperatures until 
their acid content was reduced." 
In averaging the amount of intel'nal breakdown of the imme-
diate storage fruit and delayed storage lots in table VI, the 
general trend is for this disorder to decrease with storage de-
lay, while in table VII the acidity values when averaged the 
same way, likewise tend to decrease for the same lots. Altho 
these data are somewhat meager, there appoars to be a suggestion 
of the same relation of acidity decrease to breakdown as indicated 
by Haynes. 
A chemical study made of the changes incident to l'ipening 
and storage of Grimes apples shows that the ripening processes 
of fruit on the tl'ee and fruit in storage are associated with loss 
of moisture, acidity, dextrin , starch and acid hydrolyzable mate-
rial, together with an increase in specific gravity, sugars and 
soluble pectin. 
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Apparently the time of picking or condition of maturity with-
in certain limits, affeots but little the ultimate chemical com-
position of the cold storage apples. It has been shown, likewise, 
that the ultimate hardness of apples in storage is nearly the 
same, altho the different lots were of varying hardness at time 
of storing. 
Chemical differences exist between normal tissues and those 
showing internal breakdown. These differences, however, are 
relatively small and suggest that physical or other chemical 
changes not determined are involved in the formation of dis-
eased tissue during storage. 
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(2) 
(5) 
(6) 
(8) 
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